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Abstract
It is shown that in 2+1 dimensions the Fermi-Walker gauge allows the
general solution of the problem of determining the metric from the sources
in terms of simple quadratures. This technique is used to solve the prob-
lem of the occurrence of closed time like curves (CTC's) in stationary
solutions. In fact the Fermi-Walker gauge, due to its physical nature,
allows to exploit the weak energy condition and in this connection it is
proved that, both for open and closed universes with axial symmetry, the
energy condition imply the total absence of closed time like curves. The
extension of this theorem to the general stationary problem, in absence of
axial symmetry is considered and at present the proof of such generaliza-
tion is subject to some assumptions on the behavior of the determinant
of the dreibeins in this gauge.
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In 2 + 1 dimensions a simplifying feature occurs because the Riemann tensor, being









Thus also in the time dependent case eqs.(3,4) provide a solution by quadrature of
Einstein's equations. Nevertheless one has to keep in mind that the solving formulas
are true only in the Fermi-Walker gauge, in which the energy momentum tensor is not
1
an arbitrary function of the coordinates but it is subject to the covariant conservation
law and symmetry property that are summarized by the equations
DT
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In addition we notice that in 2 + 1 dimensions the most general form of a connection



































































































































. The previous equations
can be solved by means of simple quadratures in the time depedent case in presence of
rotational symmetry or in the stationary case, in both cases with complete control of
the support of the energy momentum tensor [2]. Moreover in the stationary case the
projection technique due to Geroch [6] allows to deduce from the completeness of such
a projection the completeness of the Fermi-Walker coordinate system.





































































































































outside the sources. Such support equations are related to some Lorentz and Poincare
holonomies [2].
The techniques outlined above turns out to be a powerful tool in investigating the
problem of the occurence of CTCs in 2+1 dimensions [1,2,4,5] . In ref. [1] the following














which has the embarassing feature of having CTCs near the source. The Fermi-Walker
gauge due to its physical meaning allows to exploit the weak energy conditions (WEC),




















are non increasing in . From this result the following theorem follows [2]:
For a stationary open universe with axial symmetry if the matter sources satisfy the
WEC and there are no CTC at space innity, then there are no CTC at all. Thus the
\singular source" related to (18) does not satisfy the WEC.
With the same techniques the theorem on the absence of CTC's can also be proved for
all closed stationary universes with axial symmetry. With regard to the extension to
non axially-symmetric stationary universes at present the proof goes through provided
det(e) in the Fermi-Walker gauge never vanishes.
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